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INTRODUCTION 
Considerable inspection efforts are required to achieve quality requirements for 
mechanical parts during manufacturing and maintenance operational safety for aging power 
stations, fleets of civil and military aircraft, trains and offshore structures Problems arising 
from parts made of metallic materials are mainly due to corrosion and fatigue crack 
propagation. Currently many of these inspections are carried out using Eddy Current 
methods The detection and the quantification (sizing) of defects in metallic materials with 
Eddy Current (EC) techniques are based on the performances of the EC equipment and 
probes The EC probes, which get all the information from the materials to be inspected, need 
to be weil characterized to ensure the quality of the Eddy Current inspection Their 
characterization has to take into account their geometry, their electrical and electromagnetic 
characteristics as weil as their behavior in relation to materials and defects The usual method 
for characterizing an Eddy Current probe is to measure its response to reference blocks and 
reference defects in terms ofthe resulting impedance or induced voltage in the receiving coil 
Few papers [1,2] describe the characterization ofthe electromagnetic field generated by EC 
probes The knowledge of this electromagnetic field is very important for a better 
understanding ofthe field repartition and its influence on defects but also to compare probes 
between them and to follow their evolution This measurement system could also be a good 
method to validate electromagnetic modeland to design EC probes We describe in this paper 
an instrumentation for a direct measurement ofthe electromagnetic field ofEC probes in 
emitting in air and in transmission through materials 
STATE OF THE ART 
Eddy current probes generate electromagnetic fields with a flux density ranging from 
10"4 up to 10·3 Tesla, and for frequencies ranging from some Hz up to some MHz For many 
applications, existing equipments are limited to measure such kind of electromagnetic field, 
and the development of specific systems of measurement is necessary Many of these 
applications are related to electromagnetic field generated by antennas For electromagnetic 
field in the range ofthose generated by eddy current probes, the main developed 
magnetometers are based on the use of coils and operate generally at frequencies less than 
100kHz [3-5]. JA. Nyenhuis et al [1] developed a measurement system for an application 
closed to ours These authors measure electromagnetic field less than 10·5 Tesla at 
frequencies ranging from some Hz up to 450 kHz More recently, J C. Moulder et al [2] 
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Figure 1 Electromagnetic field generated by eddy current probes. 
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• Figure 2 The two types of maps realized to characterize the electromagnetic field 
generated by eddy current probes 
developed a prototype instrument for calibrating and characterizing eddy current probes This 
equipment is based on photoinductive mapping ofthe probe electric field distribution. These 
authors illustrated the capabilities of their system with representative scans of a variety of 
eddy current probes · absolute, differential, reflection and uniform field probes Another 
method to measure the electromagnetic field which seems more appropriate to our 
application is based on the use ofmagnetoresistive sensors (magnetoresistors) This kind of 
sensors is often integrated into apparatus to measure the amplitude and the direction of 
electromagnetic field, for vehicle guiding, for the measurement of moving body trajectory or 
for ferromagnetic materials control [6-8] These sensors can measure electromagnetic field 
ranging around 10"4 Tesla for the most sensitive ones, at operating frequencies ranging from 
DC up to several MHz So they seems particularly well adapted for our application 
PRINCIPLE OF MEASUREMENT 
Electromagnetic field measurement consists in the deterrnination at any point of a 
definite plan or a volume ofthe module and the direction ofthe field H generated by an Eddy 
Current probe The module and the direction ofthis electromagnetic field is calculated from 
the measurement of the components Hx, Hy and Hz of H in an orthogonal reference system 
(O,x,y,z) as shown in figure 1. The prototype developed permits us to realize 2D map ofthe 
electromagnetic field generated by Eddy Current probes Two types of map represented on 
Figure 2, can be obtained transversal cross-section maps, realized in a section perpendicular 
to the Eddy Current probe axis, and longitudinal cross-section maps, realized in a section 
parallel to the Eddy Current probe axis W e realized these measurements with 
magnetoresistors These magnetic sensors are quite appropriate for the characterization of 
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Figure 3 Electromagnetic field acquisition bench 
the electromagnetic field generated by Eddy Current probes They operate in a !arge 
frequency range from DC up to several MHz 
The magnetoresistive sensors makes use ofthe magnetoresistive effect : the property 
of a current-carrying magnetic material to change its resistivity in the presence of an extemal 
magnetic field For any electromagnetic field H, it is the component of H perpendicular to the 
magnetization that makes a variation of resistivity The mechanic position of the sensor 
related to the direction ofthe field tobe measured is then very important The intemal 
magnetization of the sensor strips has two stable positions, so that if the sensor for any 
reason should come under the influence of a powerful magnetic field opposing the intemal 
aligning field, the magnetization may flip from one position to the other. 
ELECTROMAGNETIC FIELD ACQUISITION BENCH 
Experimental Apparatus (Figure 3) 
A motorized displacement equipment, composed of a 6 axis robot with numeric 
control connected to a remote host computer, permits the mechanical positionning and 
displacement of the EC probes A Lecroy 9100 generator supplies the exciting signal to the 
EC probe An amplifier was developed, it allows the amplification ofthe signal output from 
the magnetoresistor. A digital acquisition system, based on VXI standard, collects and 
digitizes the information from the amplifier An HP 9000 computer drives all the installation 
and allows the automation of the data acquisition and treatment Because of the 
magnetoresistor flipping, a reset box was developed to ensure the initialization of the 
magnetoresistive sensor Transfer function of the measuring system was determined, allowing 
us to define the calibration procedures of the system 
The electromagnetic field measuring system is balanced in air The magnetoresistor is 
placed in front of the EC probe The correct position ofthe magnetoresistor is obtained by 
the determination ofthe energy maximum along each axis ofthe mechanical scanner The 
map is realized by scanning of defined cross-section in the space. The scanning step can be 
chosen ranging from 0 01 mm up to 5 mm The frequency bandwidth of the electromagnetic 
field measuring system is from I 00 Hz up to I 5 MHz, the field module ranging from 0 Alm 
up to 500 Alm 
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Figure 5 The different representations of the electromagnetic field 
Acquisition and Analysis Tools 
The acquisition tool box was developed in C language on an HP9000 computer The 
magnetoresistor response is tone burst. This ton burst (with a fixed length) is recorded at 
each point of the examined cross-section The figure 4 gives an illustration of the acquisition 
data file. The analysis tools box was developed with the PVW AVE software on a HP9000 
computer lt allows to visualize the acquired electromagnetic signal (ton burst) at each point 
of the examined cross-section, and the 2D electromagnetic field reconstruction Examples of 
the different representations are presented in figure 5, i.e. 2D image, surface plot, contour 
and H profilline Signal processing is also possible with this tool box, such as spectral 
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analysis, electromagnetic signal deconvolution, module and phasis analysis ofthe measured 
signal An example of module and phasis analysis is given in figure 6 
EXPERIMENT AL RESUL TS 
Eddy Current probes used for this study were absolute surface probes. Measurements 
were carried out at different frequencies and the electromagnetic field generated by this type 
of prob es was mapped in air and through materials 
Figure 7 shows typical transversal and longitudinal maps of electromagnetic field 
generated by EC probes in air. These maps provides a good representation ofthe Hx 
component of the EM field as shown by the scheme joined on the figure The Hx component 
ofthe EM field is maximum on the axis ofthe coil and decreases as a function ofthe distance 
from this point A particular area, where the Hx component of the EM field comes up to zero, 
can be observed both on the transversal and on the longitudinal maps This particular area 
corresponds with the points where the measuring system is perpendicular to the magnetic flux 
lines, and where consequently Hx is coming up to zero The electromagnetic field of EC 
probes was mapped in air for a !arge frequency range, and as a function of the current 
intensity The results obtained are in accordance with the relationship between the 
electromagnetic field H and the current I, 1. e. H = ni where n is the nurober of wire turns of 
the coil per meter 
The electromagnetic field generated by EC probe was mapped through a I mm thick 
aluminium sheet The alurninium sheet was positioned perpendicularly to the EC probe 
between the EC probe and the measuring system The EC probe was supplied with a 
sinusoidal signal The EM field is measured in a cross section parallel to the aluminium sheet 
In air, the results show the concentrical distribution of the Hx component of the 
electromagnetic field When mapped through the aluminium sheet, the distribution of the 
measured field appears deformed, pointing out the rolling Hx direction of the aluminium sheet 
When using aluminium sheet with defects, the defects appear clearly on the measured 
electromagnetic field map. 
CONCLUSION 
An equipment (acquisition bench, measuring electromagnetic system, acquisition and 
signal processing softwares) has been developed in order to carry out the electromagnetic 
characterization of eddy current probes This system is based on the use of magnetoresistors, 
and allows the mapping ofthe electromagnetic field for a wide range ofEC probes scanning 
step ranging from O.Olmm up to Smm, for frequencies varying between several Hz to some 
MHz and field amplitudes ranging from 0 to 500Nm EC probes used for this study are 
differential and absolute surface probes Measurements were undertaken at different 
frequencies and for operating conditions ofthe probes in air and through several materials 
The results presented in this paper illustrate the aspect of electromagnetic field 
generated by EC probes The obtained electromagntic fields in air appear symmetrical and 
concentrical to the axis of the generating coil. Their amplitude decreases rapidly when the 
distance to the coil increases The results obtained show the feasibility ofthe measurement of 
electromagnetic field generated by eddy current probes with the use of magnetoresistors 
They demonstrate the good Operation of our developed measuring system The 
electromagnetic field characterization test through aluminium sheets point out the field 
deformations induced by the material (rolling orientation, defects .. ), and shows the 
performances of magnetoresistors. F or the detection of defects, this type of sensors appears 
to be very sensitive and could be used with a favorable issue as receiver in EC probes This 
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electromagnetic field measurement system is also an appropriate method to validate 
electromagnetic models and to design EC probes 
The different results presented in this paper were obtained with a 1-axis measuring 
head, i e we measure one component ofthe electromagnetic field. We also developed and 
validated a 3-axis measuring head This particular head allows the measurement ofthe three 
components Hx, Hy and Hz ofthe electromagnetic field, and the reconstruction ofthe H 
module and phase can be done by software The next step to improve our equipment will be 
the increase of the frequency range up to 5 MHz or above, and of the field range up to 
I OOONm This work has been proposed as a CEN standard for the characterization of eddy 
current probes 
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